Background: Maternal mortality is a sentinel indicator of health care quality. Our
| INTRODUCTION
Maternal mortality is a sentinel indicator of health care quality. [1] [2] [3] [4] [5] A recent study found a sharp increase in maternal mortality in Texas between 2010 and 2012. 6 This increase drew national attention in part because the increase in maternal mortality roughly coincided with deep cuts in the provision of women's health services in Texas. 7, 8 The previous study was based on death certificate data, which do not include access-to-care measures, so it was unable to examine the potential influence of the cuts. 6 There have been subsequent discussions about the magnitude, timing, and causes of the increase; however, the fact that maternal mortality increased in Texas is not in dispute. 9, 10 To improve reporting of maternal deaths, a pregnancy question was added to the United States standard death certificate in 2003 to ascertain whether female decedents were pregnant or postpartum at the time of death. Texas added this question to its death certificate in 2006. 6 In the United States, all death certificates of women identified by the pregnancy question as being pregnant at the time of death or within 42 days before death are coded as maternal deaths, except for deaths as a result of external causes of injury (ie, accidents, homicide, suicide). 11, 12 Recent studies have identified problems in reporting with the pregnancy question. 13, 14 A Centers for Disease Control and Prevention (CDC) report from maternal mortality review committees in four states found that 15% (97/650) of "maternal deaths" were misreported, predominantly because of errors in the pregnancy question, since the women involved were confirmed to be not pregnant or postpartum within 1 year of death. 14 We undertook a more detailed examination of maternal mortality data from Texas to further understand the potential public health implications of trends in Texas maternal mortality over the past decade (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . We analyzed the increase by demographic characteristics and detailed causes of death: (1) to identify trends and at-risk populations to assist in targeting prevention efforts; and (2) to begin to evaluate data quality.
| METHODS
The National Vital Statistics System (NVSS) is the source of official United States maternal mortality statistics used for subnational and international comparisons. 15 Data used in this observational study are based on information reported on death certificates filed in state vital statistics offices, and subsequently compiled into national data. 16 The national data are used in preference to data reported by the Texas Health Department because they are collected and coded in a uniform way, which facilitates comparisons with data from other states (see Results). 16 These data are publicly available through the National Center for Health Statistics website, and through CDC-WONDER. 17, 18 Physicians, medical examiners, or coroners complete the medical portion of the death certificate, including the cause of death. 16 Throughout this analysis, we used the World Health Organization (WHO) definition of maternal death as the death of a woman while pregnant or within 42 days of the end of pregnancy, from any cause related to or aggravated by the pregnancy or its management, but not from accidental or incidental causes. 19 Late maternal deaths (shown as auxiliary information at the bottom of Table 2 ) are pregnancy-related deaths that occurred from 43 days to 1 year after the end of pregnancy.
19
ICD-10 mortality codes were used throughout this paper to classify causes of maternal death. 19 From 1999 to the present, mortality data in the United States have been coded according to the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10). 19 Maternal deaths are denoted by codes A34, O00-O95, O98-O99 (see Table 2 for specific code titles), whereas late maternal deaths are denoted by codes O96-O97. 15, 19 Maternal deaths are further subdivided into direct and indirect obstetric deaths. 19 Direct obstetric deaths are deaths resulting from obstetric complications of pregnancy, labor and the puerperium, from interventions, omissions, incorrect treatment, or from a chain of events resulting from any of the above (ICD-10 codes A34, O00-O92). 19 Indirect obstetric deaths are deaths resulting from previous existing disease or disease that developed during pregnancy, and were not the result of direct obstetric causes, but that were aggravated by the physiological effects of pregnancy (O98-O99). 19 Deaths of unknown cause (O95) are not classified as either direct or indirect causes.
| Data analysis
We examined the single-year trend of maternal mortality rates for Texas from 2006 to 2015, using Poisson regression with linear spline terms to examine the change in slopes. However, small annual numbers of deaths made more detailed analysis of single-year trends impracticable. Therefore, we grouped the data into two 5-year age groups: 2006-2010 (before the rapid increase in maternal deaths) and 2011-2015 (during/after the increase) to provide sufficient numbers of cases for statistically reliable analysis by characteristics. We analyzed data by maternal age (by 5-year age groups, and for women <40 and ≥40 years of age); race/ethnicity (nonHispanic white, non-Hispanic black, and Hispanic); and for detailed causes of death.
To evaluate data quality, we looked for patterns in the data that were markedly different from those found in other reliable maternal mortality data sources, such as the Confidential Enquiry into Maternal Mortality in Great Britain, or CDC's Pregnancy Mortality Surveillance System. 20, 21 We also analyzed trends for a grouping of nonspecific causes of death, including other specified pregnancy-related conditions (O26.8), unknown cause (O95), and other specified diseases and conditions complicating pregnancy, childbirth, and the puerperium (O99.8). 13, 22 These nonspecific categories are where deaths that do not easily fit into the ICD maternal mortality coding rubric are classified. 17, 18 No further information is provided as to the specific causes of death for these cases. 17, 18 To put the Texas results into a broader context, we also compared results for 2011-2015 with another recent study of maternal mortality from 27 states and Washington, DC, in 2013-2014. 13 Maternal mortality rates were computed per 100 000 live births. A two-proportion z test or Poisson regression for numerators <30 was used to test differences in rates for statistical significance. 23 Finally, since recent studies found evidence of possible overreporting of maternal deaths with the pregnancy question, 13, 14 we did a sensitivity analysis to assess the potential influence of a 0.5%, 1%, and 1.5% level of overreporting of pregnancy status with the pregnancy question. We computed the number of female nonmaternal deaths from natural causes (excluding accidents, homicide, and suicide) by 5-year age groups, and estimated how different levels of incorrect reporting of these deaths as maternal deaths would affect maternal mortality rates by age. Because the study was based on de-identified, aggregated data from United States government public-use data sets, it was exempt from requiring institutional review board approval.
| RESULTS
The Texas maternal mortality rate was 17.5 maternal deaths per 100 000 live births in 2006, the first year that the new pregnancy question was in use on the state death certificate.
The slope from 2006 to 2010 did not show a significant increase in the maternal mortality rate (RR 1.03 [95% CI 0.96-1.11], P = .37) ( Figure 1 
| Demographic characteristics
When examined by race and ethnicity, the maternal mortality rate nearly doubled (96% increase) for non-Hispanic white women, from 19.4 in 2006-2010 to 38.0 in 2011-2015 (P < .001) ( Table 1 ). The rate also doubled (106% increase) for non-Hispanic black women from 41.6 in 2006-2010 to 85.6 in 2011-2015 (P < .001). In both 2006-2010 and 2011-2015, the maternal mortality rate for non-Hispanic black women was more than twice the rate for non-Hispanic white women (P < .001). Rates for Hispanic women increased by 62% during the period (P < .001). In 2011-2015, the maternal mortality rate for Hispanic women (20.5) was 46% lower than the rate for non-Hispanic white women (38.0) (P < .001).
From 2006-2010 to 2011-2015, maternal mortality rates increased for all age groups, although the increases were not statistically significant for women in their twenties (Table 1) . Rates increased by 60%-64% for women in their thirties (P < .001). For women aged ≥40 years, the maternal mortality rate more than doubled (121% increase) from 2006-2010 to 2011-2015 (P < .001). Women aged ≥40 years had the highest maternal mortality rates among the various age groups. In 2006-2010, the maternal mortality rate for women ≥40 years (252.8) was 19 times the rate for women <40 years (13.3). In 2011-2015, the maternal mortality rate for women ≥40 years (558.8) was 27 times the rate for women <40 years (20.7). The increase for the ≥40 age group accounted for 56% of the overall increase in maternal deaths between the two time periods. In 2011-2015, 41% of total maternal deaths were to women aged ≥40 years, compared with just 3% of live births ( Table 1 ). The pattern of much higher maternal mortality rates for women aged ≥40 years held when examined by race and ethnicity (tabular data not shown).
| Cause of death
From 2006-2010 to 2011-2015, maternal mortality rates increased by 92% for direct obstetric causes (P < .001) and by 94% for indirect obstetric causes (P < .001) ( Table 2 ). Direct obstetric causes accounted for nearly two-thirds (64%) and indirect causes one-third (32%) of maternal deaths in 2011-2015. There was little change in the small number of deaths (4% in 2011-2015) classified to cause unknown (ICD-10 code P95). When the specific subcategories of direct obstetric deaths were examined, the only significant increases were for liver disorders in pregnancy (O26.6), which increased from a rate of 0.7 per 100 000 births in 2006-2010 to 1.7 in 2011-2015 (P < .01), and for "Other" specified pregnancyrelated conditions (O26.8), which increased from a rate of 3.8 to 10.4 (P < .001). The increase of 126 maternal deaths in the nonspecific O26.8 category accounted for almost twothirds of the overall increase in direct obstetric deaths (198) during the period.
When the subcategories of indirect obstetric causes were examined, only the "Other specified diseases and conditions" (O99. (Figure 2 ). This increase was much larger than the 54% increase for all other causes combined. There was an overall increase of 302 maternal deaths across the two time periods, and the nonspecific "other" causes accounted for 197 (65%) of them. In 2011-2015, maternal mortality rates from nonspecific causes were 35 times higher for women aged ≥40 years than for women <40 years, whereas among specific causes, rates were 20 times higher. For women aged ≥40 years, 61% of all maternal deaths were because of nonspecific causes in 2011-2015, compared with 47% for women <40 years.
| Comparing Texas data with other state populations
We compared 2011-2015 Texas data with 2013-2014 data from 27 states and the District of Columbia from a recently published study 11 ( Figure 3 ). Compared with data from the 27 states and the District of Columbia, Texas maternal mortality rates were 74% higher for nonspecific causes: 47% higher for women aged <40 years and 157% higher for women ≥40 years. However, for specific cause codes, maternal mortality rates in Texas were not significantly different for all ages combined or for women aged <40 years. For women aged ≥40 years, Texas rates were 61% higher among specific cause codes.
| Sensitivity analysis
Finally, given the pronounced differences in reported maternal deaths by age and preponderance of nonspecific causes, we did a sensitivity analysis to model the effect on maternal mortality rates of a possible 0.5%, 1.0%, and 1.5% overreporting of pregnancy/postpartum status with the pregnancy question ( Table 3) . We found that a 1% overreporting of pregnancy/ postpartum status increased reported maternal mortality rates by 14%-18% for women in their teens to early thirties, and by 30% for women aged 35-39 years. In contrast, the maternal mortality rate for women aged 40-54 years more than doubled (105% increase) with 1% overreporting of maternal deaths.
| DISCUSSION
The situation in Texas represents parallel public health emergencies, namely: (1) a sharp increase in the maternal mortality rate in recent years; and (2) a lack of reliable data to better characterize and further understand the increase. Despite measurement issues, there is still substantial evidence of a true increase in maternal mortality risk in Texas from 2006-2010 to 2011-2015. When we limited the analysis to cases with specific cause codes for women <40 years, who are less subject to misclassification errors, a significant increase (36%) still occurred in maternal mortality between the two time periods. This finding is in contrast to a recent study of data from 27 states and Washington, DC, which did not find an increase for these deaths. 13 It is also in contrast to data from 157 of 183 countries that had decreases in maternal mortality from 2000 to 2013. 2 The United Nations
Millennium Development Goal to reduce maternal mortality led to unprecedented efforts to reduce maternal mortality worldwide. 2, 5, 24 From 1990 to 2015, global maternal mortality declined by 44%, and by 48% among industrialized countries. 24 The high maternal mortality rates in Texas, the 2010-2012 increase, and the large and persistent racial and ethnic disparities warrant concerted actions by clinicians and policy makers. Improvements in clinical care are essential to lowering maternal mortality, and should include clinician training in how to quickly recognize and respond to obstetric emergencies. 25 However, a focus beyond the moment of birth is also important. 25 For example, preconception identification and treatment of chronic disease and behavioral health problems can enable women to begin pregnancy as healthy as possible. Likewise systems that cover women while pregnant, but then exclude them soon after delivery, 26 ignore the fact that a significant proportion of maternal deaths occur after a woman has given birth. 14 For example, in Texas, 2017 Medicaid eligibility limits for pregnant women (203% of the federal poverty level) were slightly above the national median, whereas eligibility limits for parents in a family of three (18% of the federal poverty level) were tied with Alabama for the most restrictive in the country. 27 We also found substantial evidence of overreporting of maternal deaths, particularly for women aged ≥40 years and among nonspecific causes of death. United States coding rules state that unless the cause of death is an accident, suicide, or homicide, if the pregnancy or postpartum within 42 days checkbox is checked, the record is coded as a maternal death, regardless of what is written in the cause-of-death section.
11, 12 This method puts tremendous emphasis on the pregnancy question as almost the sole determinant of whether the death of a woman of reproductive age is coded as maternal or nonmaternal. However, until recently, little quality control has been done on this data item. A sensitivity analysis found that a 1% level of misclassification more than doubled the number of reported maternal deaths for women aged 40-54 years. This finding is because deaths are more common and pregnancies rarer among women aged 40-54 years than for younger women. The pattern of potential misclassification among older women was not limited to Texas, but may have been more pronounced there, as can be seen when comparing Texas with a 27-state analysis for 2013-2014. 13 Although the 27 states and Washington, DC, also had an exceptionally high rate for nonspecific causes to women ≥40 years (135 per 100 000), the Texas rate for a comparable population was more than double the 27-state average (341 per 100 000) and was 36 times the rate for Texas women aged 25-29 years. By comparison, data from Great Britain, often touted as the gold standard for maternal mortality investigation, found rates for women aged ≥40 years to be 3-4 times those for women aged 25-29 years, 21 and data from the U.S.
Pregnancy Mortality Surveillance System found maternal mortality rates for women ≥40 years were 4-5 times those for women aged 25-29 years. 20 A better understanding is needed of the greater risks for women ≥40 years, 20,21,28 but this is confounded by misclassification problems. In contrast, the Texas maternal mortality rate for specific causes for women aged <40 years (10.9) was not different from the 27-state estimate (11.3) (Figure 3 ). This paper has a limitation in that the analysis is based on data from the NVSS and not specific case reviews. The NVSS is the foundational data system for maternal mortality analysis, and is the data system on which other more detailed data systems such as the Pregnancy Mortality Surveillance System and maternal mortality reviews are largely based. 14, 20 It should be a reliable source for assessing cause of death, trends in overall rates, and rates for subgroups when there are sufficient number of cases. However, it is a national system built on state reporting, and the extraordinarily high rates among older mothers and for nonspecific causes call into question the reporting in Texas and other states. 13 Texas has established a maternal mortality review committee to examine maternal deaths in more detail than is possible with national databases. 29 Ideally, as part of that examination, a careful assessment of the quality of reporting, particularly for older women with nonspecific codes, could clarify some of the questions concerning ascertainment. Quality improvement efforts need to focus on improving the accuracy of the information from the pregnancy question. Periodic validation studies and the implementation of data quality checks at both the state and national level are essential to improving reporting. State and Federal agencies should provide training to persons who complete death certificates to emphasize the importance of accurate reporting with the pregnancy question. A percentage of records, including 100% of records for women aged ≥40 years or coded to nonspecific causes, should be routinely queried back to the certifier to confirm the fact of pregnancy. In addition, changes to coding to decrease the near-exclusive reliance on the pregnancy question to identify maternal deaths might improve data quality. The recent growth in state maternal mortality review committees can improve data quality, 30 and can help to identify both overreporting and underreporting of maternal deaths, 31 but only if information from maternal mortality reviews is used to update vital statistics information on the cause and circumstances of death. Both the increasing maternal mortality rates in Texas and the substantial data problems identified in this study constitute an urgent call for action. Reducing maternal mortality overall and particularly for non-Hispanic black women will require a greater focus on women's health in the life course, 3 with efforts needed at the national, state, and local levels to improve data quality, access to care, and quality of services.
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